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odak is finishing development of a new Airborne 
Natural Gas Emission Lidar (ANGEL) pipeline survey serv

ice. The service employs advanced optical remote sens
ing technology to inspect natural gas transmission 

pipelines. From a quarter-mile in the air, it will remotely detect, 
quantify and report the precise locations of natural gas leaks. 

The ANGEL Service is being developed under a cooperative 
development agreement with the DOE National Energy 
Technology Laboratory and supports the directives of the Pipeline 
Safety Improvement Act of 2002 (HR3609). This cooperative 
development agreement will culminate in a field demonstration 
scheduled for September. Figure 1 shows a conceptual view of an 
airborne survey operation.   

Figure 1: Conceptual view of the airborne ANGEL Service 
capturing survey data along pipeline right-of-way. 

Boosting Survey Value 
Kodak expects the ANGEL Service to improve integrity assess

ment for pipeline operators in a variety of ways. It adds a meas
urable degree of confidence to integrity verification by outper
forming conventional detection methods in terms of sensitivity, 
accuracy, efficiency, and coverage. For bubble-tight gas transmis
sion pipelines, operators can apply the comprehensive data col
lection to provide real-time failure detection in the intervals 
between expensive integrity verifications such as in-line inspec
tions (ILI) and full-pressure testing. The service also comple
ments direct assessment (DA) and unpiggable pipeline inspection 
methodologies by precisely identifying integrity failure points. 

For less tight pipelines, ANGEL delivers a data set upon which 
a comprehensive integrity management effort can be based. 
Integrity managers can apply the data to prioritize repair and 
maintenance activities by distinguishing between potentially dan
gerous scenarios, low priority leaks, and nuisance emissions. A 
new data layer can also be used to improve confidence levels in 
statistical leak forecasting models. 

ANGEL will be offered as an outsourced service similar to 
ILI. This will alleviate the need for operators to make capital 
purchases, maintain and calibrate sophisticated remote sensing 
equipment, hire and qualify additional personnel, or manage 
complex field logistics. 

Regulations, safety, and cost concerns have set the stage for 
remote sensing. The existing U.S. natural gas transmission 

infrastructure consists of more than 300,000 miles of 
buried pipeline. DOE estimates that natural gas con
sumption will increase by more than 50% (to 34 Tcf) 
by 2020, placing additional demands on the nation’s 
aging natural gas infrastructure. This combination of 
aging pipeline materials and increased demand pres
ents an environment where natural gas emissions may 
occur with greater frequency and volumes. The identi
fication and reduction of natural gas transmission 
pipeline emissions is important for public and environ
mental safety, natural gas conservation, greenhouse 
gas emissions, and overall natural gas cost control. 

To address this situation, the federal government insti
tuted additional pipeline safety and security requirements 
in the form of HR3609. This law places greater emphasis 
on the research, development, demonstration, and stan
dardization of new leak detection and rupture prevention 
equipment and methodologies. The DOT, DOE, and 
NIST responded by sponsoring cooperative development 
initiatives such as one that fueled the creation of ANGEL. 
In addition, the EPA is actively involved with its Natural 
Gas STAR program aimed at assisting the pipeline indus
try in reducing fugitive emissions, improving efficiency, 
and increasing profitability. 

For operators to comply with U.S. DOT/RSPA regula
tions (49CFR192.706), they must conduct leakage sur
veys of a transmission line at intervals not exceeding 15 
months, but at least once each calendar year, with the 
use of leak detection equipment. High consequence 
areas (HCA) require more frequent inspections, up to 
four times per year. Conventional leak surveys typical
ly rely on inspection crews walking or driving slowly 
along the right of way while using flame ionization 
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detectors (FID) that “sniff” the presence 
of hydrocarbons. 

This technique is slow, expensive, and 
produces false positives due to its inability 
to differentiate natural gas from other 
hydrocarbon producing sources. Recently 
developed truck-bumper-mounted optical 
systems that detect methane appear to be 
an improvement, but are still limited due 
to low ground speed, narrow coverage 
area, fragility, and their inability to navi
gate difficult terrain and ground cover. 

Concept Validation 
Kodak, which has pioneered remote 

sensing for more than 50 years, recog
nized gas detection as a promising appli
cation for its technology. The Kodak 
development team validated its concept 
by meeting with natural gas transmission 
pipeline operators representing more 
than 50% of the total U.S. interstate 
pipeline mileage. Research heads, 
integrity managers, and operations per
sonnel were briefed about Kodak’s air
borne leak detection technology 
approach. The industry indicated that the 
proposed ANGEL Service would be an 
improvement in terms of sensitivity, 
accuracy, efficiency and coverage over 
current pipeline leak detection methods 
and would lead to increased levels of 
integrity confidence. 

Beta testing of the sensor platform 
will begin with flight tests over operat
ing natural gas pipelines in cooperation 
with major pipeline owners this sum
mer. In September, it will participate in 
the DOE/NETL Field Demonstration of 
natural gas remote sensing systems. 
Test results will be published by 
DOE/NETL at the conclusion of the 
demonstration. The service is sched
uled for commercial availability starting 
in the fourth quarter. 

Technology 
The ANGEL Ser-vice uses a DIAL 

(Differential Ab-sorption Lidar) sensor sys
tem mounted in an aircraft. A DIAL sensor 
was chosen because it can deliver superi
or sensitivity, which translates into accu
rate detection of very small leaks with very 
low frequency of false positives. The sys
tem’s tuned lasers can accurately de-tect, 
quantify, and discriminate both 
m e t h a n e  a n d  ethane gases. The 
emitter/detector design of the system 
allows it to operate in a broad range of 

environmental con
ditions including 
day or night, sun 
and shadow, over
cast, haze, and 
smog. It performs 
well over a wide 
variety of surface 
conditions, includ
ing dense vegeta
tion, bare soil, 
sand, gravel, 
asphalt, concrete, 
and snow. 

In addition to the 
emitter/detector, 
the sensor system 
incorporates active 
pointing and scan
ning subsystems. 

Figure 2: Notional real-time display in the aircraft. Display dots are 
color coded to reflect the measured concentration wave length values 
for methane and ethane. 

The pointing sub
system tracks the lasers to the pipeline 
right-of-way (ROW) according to pre-
loaded pipeline geospatial data. This 
enables the system to precisely track the 
pipeline without any human intervention, 
automatically compensating for aircraft 
movement. The scanning subsystem paints 
the ROW with a series of laser pulses, 
acquiring up to 6,000 individual surface 
measurements per second. 

Mounted in a fixed-wing aircraft, the 
DIAL sensor maintains its rated sensitivity 
while operating at an altitude of approxi
mately 1,500 feet and at airspeeds of 150 
mph. This configuration enables the serv
ice to collect up to 1,000 miles of ROW 
data per day. As the sensor system is flown 
along the pipeline ROW, an onboard real-
time display system (Figure 2) presents the 
size, shape, concentration, and location of 
any gas plumes detected. 

Alarms alert the crew to the presence of 
predetermined thresholds of natural gas 
emissions in real time for immediate oper
ator notification. Minor gas emissions are 
identified and fully characterized during 
more detailed ground processing at the 
conclusion of the flight. P&GJ 
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